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ABSTRACT 
The GEOS Optical Memory and Control Unit i s  a d i g i t a l  delayed command 
system with a high accuracy real time clock designed t o  cont ro l  t he  operation 
of t he  o p t i c a l  beacon. 
requests and operates i n  a 68 hour cycle,  
from the  ground without dis turbing timing. 
memory may be set i n  coincidence with Universal Time (UT2) by r e se t t i ng  the  
clock on ground command. 
i n  the  sa te l l i t e  clock i s  also provided. 
The memory can s to re  up t o  59 l i g h t  f l a s h  sequence 
The memory i s  synchronously loaded 
The one minute scan period of t he  
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I. INTRODUCTION 
Functionally the  GEOS Opt ica l  Memory and Control Unit (Figure 1) i s  a 
serial  operation f ixed  program s p e c i a l  purpose d i g i t a l  machine. 
t r o l s  t h e  operation of four  high i n t e n s i t y  l i g h t  f l a s h  tubes and has t h e  
c a p a b i l i t y  of i n i t i a t i n g  up t o  59 individual l i g h t  f l a s h  sequences over an 
i n t e r v a l  of up t o  68 hours. Provision i s  made f o r  t a i l o r i n g  the  i n t e n s i t y  
and duration of each sequence t o  t h e  needs of t h e  experimenter. Light 
f l a s h  sequences are programmable t o  commence a t  any UT2 minute, with t h e  
first f l a s h  occurring coincident with t h e  UT2 minute marker and subsequent 
f l a shes  occurring a t  i n t e r v a l s  of four  seconds. 
i nd iv idua l ly  set t o  any one of four  i n t e n s i t y  levels and for e i t h e r  f i v e  
or seven f l a shes .  The t o t a l  a c t u a l  number of f l a shes  i s  accumulated and 
s to red  f o r  later readout. 
The u n i t  con- 
Flash sequences may be 
T i m e  markers are generated i n  t h e  form of a b u r s t  of square-wave phase 
modulation on t h e  doppler and TM t ransmi t te rs .  
c lo se  coincidence with t h e  UT mark by a t i m e  normalized d i g i t a l  divider 
opera t ing  from a high s t a b i l i t y  c r y s t a l  o s c i l l a t o r .  
stopping t h e  clock i n  order t o  resynchronize the satellite t i m e  markers w i t h  
UT2. 
The time markers are held i n  
Provision i s  made f o r  
The memory i s  normally synchronously loaded wi th  processed flash request 
data i n  t h e  form of i n i t i a t e  t i m e ,  in tens5ty  and duration for each of up t o  
59 f l a s h  sequences. 
processed and r e s to red  once per  minute. 
i n i t i a t e  t i m e  portion of each f l a s h  time word i s  incremented by b inary  one; 
when a p a r t i c u l a r  time por t ion  contains a l l  b inary  ones a flash sequence i s  
i n i t i a t e d .  
The e n t i r e  memory contents i s  then s e r i a l l y  read out, 
During each memory readout t h e  
- 1 -  
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Phys ica l ly  each GEOS Opt ica l  Memory and Control Un i t  (Figures 2, 3 and 4 )  
i s  contained i n  two and one-half standard books (occupying 191.9 cubic inches),  
weighs 4.53 pounds and consumes 1.68 watts of power. 
t a i n s  two complete o p t i c a l  memory and cont ro l  u n i t s  connected so that only 
inputs  and outputs are i n  p a r a l l e l .  
so  t h a t  only one i s  i n  operation at a t i m e  with t h e  o the r  u n i t  i n  unpowered 
standby. 
between t h e  operating and standby un i t s .  
proved over t he  temperature range of -50°C t o  +7OoC with  a +Sj$ var i a t ion  i n  
supply voltage. 
Each GEOS satell i te con- 
Power i s  switchable between the  two u n i t s  
Input and output c i r c u i t s  a r e  designed so as t o  minimize i n t e r a c t i o n  
Operation has been successfu l ly  
- 3 -  
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3 X 7 COINCIDENCE 
SWITCH 
. 
Fig .  2 GEOS OPTICAL MEMORY AND CONTROL UNIT, BOOK 1 
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OL 
F i g .  3 GEOS O P T I C A L  MEMORY AND CONTROL U N I T ,  BOOK 2 
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DATA 
Fig. 4 GEOS OPTICAL MEMORY AND CONTROL UNIT, BOOK 3 
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11. SYSTEM DESIGN 
I 
A. Word Format 
The magnetic core memory contents of 1365 b i t s  i s  treated as 65 
twenty-one b i t  words. 
formats as follows: 
The memory i s  organized with four  d i f f e r e n t  word 
Words 1 t o  59 Flash Time Words (Figure 5A) -- Stores  four  forms of 
data: time t o  i n i t i a t e  f l a s h  sequence, lamp bank 
complement designation, f l a s h  sequence length, t i m e  
normalization de le t e  b i t s .  The f i r s t  twelve b i t s  
s t o r e  i n  2 ' s  complement binary form a number which 
represents  the p a r t i c u l a r  number of minutes after 
completion of t h e  load scan f o r  t h e  f l a s h  sequence 
t o  commencef Thus t h e  number s to red  i n  the  f i r s t  
12 b i t s  i s  the b inary  equivalent of 212 - T, where 
T i s  the number minutes from the  completion of the 
load scan. For example, i f  a f l a s h  sequence i s  t o  
commence f i v e  minutes after the  completion of the  
load scan, we would s t o r e  t h e  binary equivalent of 
4096 - 5 o r  4091 (110111111111). B i t s  13, 14, 15 
and 16 are associated w i t h  f lash tubes 1, 2, 3 and 
4 respectively.  
pos i t ions  w i l l  include t h e  associated f l a s h  tube 
i n  t h e  f lash tube complement f o r  t h a t  p a r t i c u l a r  
f l a s h  sequence. B i t  17 determines whether the  
sequence w i l l  be 5 or  7 f lashes  i n  length; data 1 
f o r  7 f lashes ,  data 0 f o r  5 f lashes .  The remaining 
four  b i t s  are  used by the  t i m e  normalizer (refer t o  
Section 111-Be 
A data one b i t  i n  any of these 
- 7 -  
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FLASH SEQUENCE 
a. FLASH TIME WORD -- W ,  - wsp 
1 J- u 
FLASH TIME DATA FLASH TUBE NORMALIZER 
SELECTION 
b. NORMALIZER VERNIER WORD -- W60 
3 4 5 6 7 8 9  12 13 14 15 16 17 
1 NOT 
v US ED. ODD BITS ADVANCE ONE COUNT PER MEMORY XIH, 
EVEN BITS FIXED REFERENCE. 
C .  FLASH COUNT WORD - - W ~ I  
\ v 
FLASH COUNT ACCUMULATION NOT USED 
DATA BITS, BIT 1 LEAST 
SIGN1 FICANT. 
Fig. 5 MEMORY WORD FORMAT 
- 8 -  
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Word 60 
Word 61 
Normalizer Vernier Word (Figure 5B) -- Provides a 
f i n e  t i m e  correction beyon3 t h a t  provided by the  
normalizer b i t s  f o r  the  f l a s h  t i m e  word. The even 
b i t s  of t h i s  word form a f ixed  reference group, 
while odd b i t s  form a var iable  group (refer t o  
Section 111-B. 
Flash Count Word (Figure 5C) 9- Accumulates t h e  
t o t a l  number of l i g h t  f l a shes  which have occurred 
s ince  the  Last in j ec t ion .  This word uses only the  
f i r s t  9 b i t s ,  with b i t  1 as the  least s ign i f i can t .  
Words .62 t o  65 Not present ly  used. 
The e n t i r e  contents of t h e  1365 b i t  memory i s  s e r i a l l y  read out  and 
restored, w i t h  modifications, once every minute. The flash t i m e  words 
are each modified by adding binary one t o  t h e  number contained i n  the  first 
twelve b i t s  of t h e  word, while the  rest  of t h e  wor& i s  res tored  unchanged. 
If the  first twelve b i t s  are a l l  "ones" a f lash sequence will be i n i t i a t e d  
w i t h  t h e  f i rs t  f lash occurring a t  the next minute marker. The normalizer 
vern ier  word has binary one added t o  t h e  number contained i n  the  odd bi ts ,  
w h i l e  t h e  even b i t s  are res tored  unchanged. 
s e r i a l l y  added with the  f l a s h  count accumulated during the  previous 
minute before r e s to ra t ion  t o  the  memory. 
The f l a s h  count word i s  
B. In j ec t ion  Sequence 
The i n j e c t i o n  sequence i s  conducted by the  satell i te memory ground 
s t a t i o n  GEfrlTu (Geodetic Explorer Memory Terminal Unit) .  
designed t o  perform as the  ground terminal  of the two-way data l ink  w i t h  
t h e  satel l i te  o p t i c a l  memory and cont ro l  u n i t .  
GENTU must t ransmit  the  1365 b i t  i n j ec t ion  message and monitor both t h e  
pre-load and post-load readouts of t h e  memory. It a l s o  must be capable 
of maintaining c lose  synchronization with UT2 and produce hard copy 
records of t h e  data received and transmitted; 
G W U  i s  
I n  performing i t s  task 
- 9 -  
The Johns Hopkinr University 
APPLIED PHYSICS LABORATORY 
Silver Spring, Maryland 
A t  t h e  prese lec ted  i n j e c t i o n  t i m e  a load command i s  t ransmi t ted  by 
GEMTU thereby causing t h e  encoded memory da ta  t o  appear as modulation on 
one of the TM subcar r ie rs .  
d a t a  i s  decoded, e r r o r  checked and recorded. A t  t h e  second minute marker 
G E "  modulates t he  command t r ansmi t t e r  with t h e  encoded memory i n j e c t i o n  
message. 
and records t h e  memory readout data.  
e s s e n t i a l l y  of t h ree  par t s :  
contents should be based upon t h e  last message and t h e  elapsed time 
s ince  in jec t ion ;  two, t h e  new i n j e c t i o n  message and th ree  a repea t  of 
t h e  new i n j e c t i o n  message. 
check f o r  proper memory operation. 
Beginning a t  the  next minute marker t h i s  
A t  t he  t h i r d  minute marker GENTU again decodes, e r r o r  checks 
Each GEMTU i n j e c t i o n  tape  cons i s t s  
t he  f i rs t  i s  an estimate of w h a t  t h e  memory 
The f i r s t  a d  t h i r d  p a r t s  are thus used t o  
It should be noted t h a t  i n j e c t i o n  i n t o  t h e  memory i s  a synchronous 
operation which i n  no way d i s t u r b s  satel l i te  timing. If, however, it i s  
des i red  t o  r e s e t  t he  clock epoch GEMTU would t ransmi t  a d a t a  "1" tone 
upon completion of t h e  load command. 
t h e  memory clock w i l l  s top  and w i l l  be i n h i b i t e d  u n t i l  t he  tone i s  
released. 
load cycle. 
A t  t h e  next 4 second clock pulse 
The memory w i l l  then proceed through t h e  previously described 
- 10 - 
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f lmct ional  sub-units: 1365 b i t  magnetic core memory with time and dr ive  
c i r c u i t s ,  synchronous clock divider,  data handling and mode control,  
l i g h t  f l a s h  cont ro l  and monitor. These sub-units are described i n  t h e  
I 111. LOGIC DESIGN 
1 
A .  Magnetic Core Memory (Figure 6) 
The GEOS memory cons is t s  of a 1365 b i t  magnetic core memory 
operated i n  the  coincident current  mode with addressing c i r c u i t s  
which cause it t o  scan s e r i a l l y  as  a sequent ia l  buffer .  Since the  
memory plane axes are mutually prime (21 x 65) a complete diagonal 
scan i s  accomplished f o r  each one minute cycle.  
Each ax is  of t h e  core plane i s  driven by a magnetic coincidence 
switch matrix (CS). 
pu lses  t o  the  individual  memory l i nes .  
obtained from square loop magnetic core blocking o s c i l l a t o r  dr ivers ,  
connected i n  a r ing  counter fashion. Since each axis of each CS i s  
a l s o  mutually prime (3 x 7 and 5 x 13) the  blocking o s c i l l a t o r  d r ive r s  
w i l l  cause the  CS t o  be diagonally scanned. The t r a n s i s t o r  and square 
loop core cha rac t e r i s t i c s  determine the  half-seLect pulse width. 
Constant current  s t a b i l i z e r s  used f o r  dr iving t h e  blocking o s c i l l a t o r  
dr ivers ,  accurately regula te  t he  ha l f - se lec t  cur ren t  amplitude. 
The CS outputs dr ive  t h e  ha l f - se lec t  current  
The dr ive  f o r  each CS i s  
The memory timing (Figure 7) i s  determined by the  bas ic  22.750 
cps clock. 
after the  clock pulse, and t h e  X ax is  1.5 y s  t he rea f t e r .  
CS output pulses are 350 m a  i n  magnitude, t h i s  r e s u l t s  i n  a coincident 
cu r ren t  of 700 m a  f o r  a durat ion of 2 . 5 ~ ~ .  Therefore each memory b i t  
i s  read  approximately 4 
I n t e r n a l  timing c i r c u i t s  tu rn  on t h e  Y a x i s  CS 2 . 5 ~ ~  
Since t h e  
s a f t e r  t he  22.750 cps clock pulse. P 
- 11 - 
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The sense amplif ier  r e c t i f i e s  and amplif ies  t he  read s igna l  t o  
A ga t e  pulse "strobes" the  sense ampl i f ie r  a t  usefu l  log ic  leve ls .  
t he  proper t i m e  t o  p ro t ec t  aga ins t  unwanted noises  o r  s h u t t l e  pulses  
on the sense l ines .  
The r e s to re  cycle i s  i n i t i a t e d  approximately 200ps after each 
If a log ica l  "1" i s  t o  be res tored  i n  the  memory, both the X 
read cycle. 
data .  
and Y axes are res tored  simultaneously. 
restored, the  Y axis i s  f i r s t  res tored  and l o p s  later t h e  X axis i s  
restored.  
The memory r e s to re  operation i s  cont ro l led  by the  input  
If a l o g i c a l  "0" i s  t o  be 
The r e s e t  c i r c u i t  i s  necessary t o  set the  memory address t o  word 1 
b i t  1. 
clock i s  r e s e t .  
This operation would normally be done only when the  system 
Individual  log ic  ga tes  driven by the  X CS and Y CS @re used t o  
provide memory address da ta  (Figure 8) t o  the  cont ro l  logic .  
are diode t r a n s i s t o r  in tegra ted  c i r c u i t s  which sense the  CS cur ren t  
through a 10 ohm r e s i s t o r .  
and 4 vol t s  i n  amplitude. 
These ga t e s  
A t y p i c a l  CS ga t e  output w i l l  be 4 p s  wide 
B. Clock Divider (Figure 9) 
A l l  timing s igna l s  i n  the  GEOS Memory Opt ica l  Unit are referenced 
t o  the  buffered 5MC-50ppm c r y s t a l  o s c i l l a t o r  output.  
sinewave output i s  f i r s t  amplified and shaped i n t o  a pulse  t r a i n  clock 
s igna l  f o r  t he  49:l s h i f t  r e g i s t e r  d iv ider .  The output of t he  49:l 
div ider  (102.04 kc nominal) i s  passed through t h e  clock con t ro l  and 
d e l e t e  c i r c u i t  where it i s  normalized and buffered. This normalized 
and buffered s igna l  i s  then used t o  clock a 4485:l (23 x 5 x 39) s h i f t -  
r e g i s t e r  d iv ider  t o  generate the  two phase memory d a t a  b i t  clock at 
1365 pulse/min. The $1 b i t  clock i s  then f 'urther divided 91:l (7 X 1.3) 
i n  a sh i f t - r eg i s t e r  d iv ide r  t o  provide t h e  15 pulse/minute clock fo r  
use by the o p t i c a l  system, 
The o s c i l l a t o r  
- 14 - 
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Figure 8. Memory Address Allocation 
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The 4485:l d iv ider  which provides t h e  da ta  b i t  clock cons is t s  of 
th ree  p a r a l l e l  synchronous sh i f t - r eg i s t e r s ,  each with a feed-back loop. 
The feedback loop i s  such t h a t  each r e g i s t e r  cycles through a f ixed  
series of states and by decoding one p a r t i c u l a r  state a frequency 
dLvLsSanby t h e  cycle length i s  achieved. Since 5, 23 and 39 are 
mutually prime and the  sh i f t - r eg i s t e r s  are clocked i n  pa ra l l e l ,  feeding 
one decoded state of each r e g i s t e r  t o  an AND ga t e  r e s u l t s  i n  a d iv is ion  
of the  clock by 5 x 23 x 39 (4485). 
are achieved by decoding one s t a t e  of the  5 : l  and 39:l dividers  f o r  81 
and another state f o r  $2. 
negative going 9 . 8 , ~  wide pulse every 43.956 MS, with the  $1 clock 
occurring 30.207 MS p r i o r  t o  t h e  $2 clock. 
The two phases of the  b i t  clock 
Each phase of the b i t  clock cons is t s  of a 
The 15 pulse/minute clock i s  obtained by dividing the  $1 clock by 
9 l : l  i n  a d iv ider  consis t ing of a 7 : l  and a l3 : l  s h i f t - r e g i s t e r  d iv ider  
similar t o  that used i n  the  4485:l divider .  
i s  decoded and f ed  t o  an AND gate,  s ince  7 and l 3  are mutually prime they 
w i l l  both be i n  the  decoded state once every 91 pulses (7 x 13). The 
15 pulse/minute clock cons is t s  of a pos i t i ve  going 9 . 8 ~ ~  wide pulse.  
One state of each d iv ider  
The minute marker bu r s t  (Figure 10) i s  derived by gat ing the  39:l 
d iv ide r  @2 output s igna l  i n t o  a 7:l s h i f t  r e g i s t e r  d iv ider  which i n  turn  
d r ives  a toggle f l i p - f l o p  a t  t h e  marker bu r s t  frequency of 186.8786 cps 
1 '  
.0036l cps. The marker i s  i n i t i a t e d  a t  memory t i m e  W65Br-4 (word 65, 
b i t  14) and ends a t  W1B2 with a phase r eve r sa l  occurring j u s t  after W1B1. 
There are 66 fill cycles  p r i o r  t o  the phase r eve r sa l  and 8 cycles there-  
after. 
'of t h e  7 : l  d iv ider  a f t e r  W1B1. The t i m e  delay between WlBl ( the  satel- 
l i t e  in t e rna l  one minute mark) and t h e  phase r eve r sa l  i s  1540.1 -E .4p~  
f o r  a properly normalized 5MC-50ppm 5 19.2ppm o s c i l l a t o r .  I n  measuring 
The phase reversal i s  achieved by de le t ing  t h e  first pulse out  
+8.4 
t iming the  following formula must be  used t o  determine 
occurrence of WlB1: 
the  time of 
'NOTE: 
' 5MC-30.8ppm which are the  t i m e  normalizeg range l i m i t s .  
I n  a l l  time and frequency calculat ions t h e  f igu re  
o s c i l l a t o r  exac t ly  a t  5MC-50ppm, w i t h  t he  f l i m i t s  taken 
- 17'" 
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TWIBl = t  sync 
where 
t 
as determined by t h e  time recovery u n i t .  
i s  t h e  measured time of synchronization pulse occurrence 
sync 
+8.4 t i s  the memory i n t e r n a l  delay of 1540.1 -l.4ps. 
Dl 
t 
of the  marker (5351.1 f 0.1~~). 
i s  t r ansmi t t e r  and receiver equipment delay + one cycle 
D2 
tD i s  s igna l  propagation delay. 
3 
I n  order t o  maintain accurate satel l i te  timing and t o  remove t h e  
e f f e c t  of i n t eg ra t ed  timing e r ro r s  a t i m e  normalizer c a p a b i l i t y  i s  
provided. 
on the  output of t h e  49:l divider  and a decision c i r c u i t .  
command of t h e  decision c i r c u i t  a s i n g l e  pulse  i s  deleted from t h e  
output pulse t r g i n  of t h e  49:l d iv ider .  
s igna l s  i s  increased by a nominal 9 . 8 p s e c  per  de l e t ion  command. 
The time normalizer cons i s t s  of a pulse de l e t ion  c i r c u i t  
Upon each 
Thus t h e  period of a l l  timing 
The time normalizer cor rec t ion  data upon which t h e - t i m e  decision 
c i r c u i t  operates i s  updated and s to red  i n  t h e  memory after each 
i n j e c t i o n .  
of the 59 f l a s h  t i m e  words (236 b i t s )  and the  even b i t s  of t h e  
normalizer ve rn ie r  word (10 b i t s ) , .  
s t o red  i n  the  normalizer portion of t he  f lash t i m e  words a s i n g l e  
pulse i s  deleted from t h e  output pulse t r a i n  of t h e  49:l d iv ider .  
Thus t h e  m a x i m u m  number of constant de l e t ion  commands is 236 o r  a 
va r i a t ion  of 37.4 ppm (nominal) may be achieved. The formula fo r  
determining the 
This  data i s  supplied i n  two forms; b i t s  18 through 21 
For each log ic  l e v e l  one b i t  
required number of normalizer b i t s  is: 
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f 
6o act - 4485 x 1365 = a c t u a l  measured o s c i l l a t o r  
f a c t  frequency i n  cps 
N=-q--- 
The r e s u l t  of the  above equation i s  rounded off  t o  the  next lower 
in t ege r  and t h i s  number of de le t ion  b i t s  i s  evenly d i s t r i b u t e d  i n  
t h e  236 s l o t s  ava i lab le .  
The normalizer vernier  word serves t o  remove res idua l  in tegra ted  
time e r r o r  by providing a f i n e  t i m e  adjustment. 
b i t s  ( b i t  21 i s  not  used) i n  the  normalizer vern ier  word are divided 
i n t o  two groups of ten; the  odd b i t s  forming a var iab le  group, t h e  
even b i t s  forming a f ixed  reference group. 
a r e  determined by t h e  f r a c t i o n a l  remainder af ter  the  constant  
normalizer b i t s  are determined. The reference normalizer vern ier  
group i s  t h e  b inary  f r ac t ion  equivalent  of t h e  normalizer b i t  re- 
mainder. 
one count f o r  each memory scan. 
when a car ry  i s  s tored  and t h e  next  even b i t  i s  a one. 
The first twenty 
The f ixed  reference b i t s  
The odd b i t s  a r e  i n i t i a l l y  a l l  zeros and a r e  advanced by 
A de le t ion  command i s  generated 
The following i s  a sample ca lcu la t ion :  
6o 4,999J750 - 4485 x 1365 f a c t u a l  = 4,999,750 CPS 
49 
N =  
N = l l 7  constant  normalizer b i t s  
Nr = 0.85645 remained 
C 
Thus the  117 constant  normalizer one b i t s  are evenly d i s t r i b u t e d  i n  
t h e  236 s l o t s  ava i l ab le  and t h e  even fixed reference b i t s  Of the 
. normalizer vern ier  word a r e  1101101101. 
Using the  above t i m e  normalization method t h e  one minute 
markers w i l l  be t ransmi t ted  within ?r (50 ,us + measurement e r r o r  + 
o s c i l l a t o r  d r i f t  i n  24 hours) of the  UT2 minute markers. 
after t h e  f a c t  ca lcu la t ions  a co r rec t ion  f a c t o r  can be generated 
With 
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on a minute by minute basis f o r  cor rec t ion  t o  k (10 )us + measurement 
e r r o r  + o s c i l l a t o r  d r i f t  i n  24 hours). 
va l  between t h e  15 pulse/minute clocks w i l l  not exceed k157 ps 
during a f l a s h  sequence. The f i rs t  15 pulse/minute clock of each 
minute w i l l  always occur coincident wi th  WlBl (word 1, b i t  1). 
Again the  va r i a t ion  i n  t i m e  between 1-5 pulse/minute pulses can be 
ca lcu la ted  and cor rec ted  for .  
Variation i n  t h e  time i n t e r -  
Since t h e  normalizer vernier cor rec t ion  va r i e s  minute by 
minute pred ic tab le  time e r r o r s  w i l l  occur. 
can be ca lcu la ted  t o  reduce the  +50/usec maximum e r r o r  caused by 
t h i s  f ac to r .  
meters are necessary: 
A cor rec t ion  f a c t o r  
I n  order t o  make the ca l cu la t ion  t h e  following para- 




of t he  
V 
N 
o s c i l l a t o r  frequency. 
of constant normalizer b i t s .  
of vernier normalizer b i t s  deleted 
t h e  i t h  minute after t h e  completion 
load one minute i n t e r v a l .  
I n i t i a l  corrected t i m e  e r r o r  a t  t h e  comple- 
' t i o n  of the load one minute i n t e r v a l .  EO 
The t i m e  e r r o r  between the i - lth and ith minute markers i s  then 
given by 
E: = [ 49 [ 4485 x 1365 + NK + N d  - 6 i  usec for i 1 1 
f a c t u a l  i 
= E  f o r i = O  
0 
The procedure can be s impl i f ied  by noting t h a t  a constant e r r o r  i n  
E i s  c a r r i e d  through a l l  ca lcu la t ions  s ince  NK i s  always fixed. 
Thus w e  have 
i 
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E -  + 49 ps f o r  i Z 1  
NV i - '' fac tua l  i 




49 (4485 x 1365 + %) - 60 A S ~ C  J 
The integrated e r r o r  at  M minutes after the completion of the 
one minute load i n t e r v a l  i s  equal t o  the algebraic sum of the  
individual minute marker errors o r  
i =M - M .- 
= Eo +L = Eo + ME + - 49 L N v i  
i=1 L = l  
' f a c t  
The following i s  a sample calculat ion 
= 4,999,750.00 cps N = 2  
fac tua l  v4 
= 117 NK N = O  v5 
= +15.90 PS N = 1  
EO v6 
= o  
NV 1 
= 1  
2 NV 
N = o  
v3 
N 5 0  
v7 
N = 2  
v8 
e tc .  
E - r4 49 
L 
(4485 x 1365 + 117) - 60 = - 8 . 4 3 ~ 6  1 K -  , 999,750 
The t o t a l  integrated e r r o r  at the  end of minute 8 i s  equal to: 
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The clock dividers  and t h e  memory coincidence switches may be 
stopped and reset t o  WlBl t o  synchronize with UT. 
by the  ground s t a t i o n  t ransmit t ing and holding a data one tone during 
the  f i r s t  preload readout. 
decrease s u s c e p t i b i l i t y  t o  spurious reset commands the  input  t o  t h e  
reset c i r c u i t  i s  strobed by the  9.8 ,us wide 15 pulse/min. (4 second 
clock) pulse t r a i n .  
these  pulses.  
This i s  accomplished 
I n  order t o  provide a small t i m e  window t o  
Thus the  clock i s  l iable t o  reset only during 
The clock divider  will remain reset u n t i l  t h e  data cane 
tone i s  released; the  s a t e l l i t e  w i l l  then t ransmit  a full preload memory 
readout preparatory t o  load. 
t i m e  change in j ec t ion  the normalizer f’unction i s  inhib i ted .  
During t h e  preload and load scans f o r  a 
C. Data Handling and Mode Control (Figures 11 and 12) 
The data handling and mode control  u n i t  performs three  main 
functions; it receives s e r i a l  memory data along wi th  address information 
and processes t h i s  data f o r  res tora t ion  t o  the  memory, it provides t h e  
proper gat ing s igna ls  f o r  t h e  l i g h t  flash control ,  and it cont ro ls  t h e  
mode of memory and cont ro l  u n i t  operation. 
by s t a r t i n g  a t  t h e  beginning of a memory scan i n  the  normal mode of 
operat ion and by assuming a l l  f l ip - f lops  are i n  the  reset condition. 
Address data from t h e  memory i s  supplied i n  t h e  form of sho r t  pulses  
(4ps nominal) coincident w i t h  memory da ta  f o r  t h a t  b i t .  Thus the  
reference WlBl refers t o  t h e  address pulse  coincident with word 1, b i t  1. 
Operation i s  best described 
The data i n  the f i rs t  59 21-bit words i s  s e r i a l l y  distributed by 
t h e  f l a s h  t i m e  word data d i s t r i b u t o r  as follows: the  first 12 b i t s  
(B1  - B12) are fed  t o  the full adder, t he  next f i v e  b i t s  (B13 - B17) 
are res tored  unchanged t o  t h e  memory, and t h e  next four  b i t s  ( ~ 1 8  - B21) 
are res tored  unchanged t o  t h e  memory as w e l l  as used as  normalizer b i t s .  
A t  W l B l  the  f l a s h  t i m e  word gate  FF1 i s  set, thereby enabling the  f l a s h  
t i m e  word data d i s t r ibu to r .  
t i m e  word, a logic  l eve l  one pulse i s  appl ied t o  t h e  Y input  of t h e  full 
Coincident w i t h  the f irst  b i t  of every f l a s h  
* 
I 
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adder v i a  A 1  and 02. Since A 8  i s  enabled t o  the  data for b i t s  1 - 12, 
memory data b i t s  1 - 12 are s e r i a l l y  appl ied t o  the  f u l l  adder X input  
v ia  A 8  and 04. The sum output of t he  X and Y s igna l s  i s  then res tored  
t o  the memory via 06. This has t h e  e f f ec t  of adding b inary  one t o  the 
l e a s t  s ign i f i can t  b i t  ( B l )  of each f l a s h  t i m e  word for each one minute 
scan. 
maintained f o r  t he  durat ion of t h a t  word independent of t he  data i n  b i t s  
13 through 21. 
1-3 - 21 are then res tored  t o  the  memory unaltered; t h i s  i s  accomplished 
by 01 enabling A 6  t o  the  data l i n e  and thereby feeding the data t o  t h e  
memory v i a  06. 
generated by a data one i n  b i t  pos i t ions  si8 - B21, ga t e  A5 passes t h e  
data i n  these  b i t  pos i t i ons  t o  05 and then t o  t h e  t i m e  normalizer 
c i r c u i t  . 
If a ca r ry  log ic  l e v e l  one i s  s tored  after B12, t h i s  state i s  
The ca r ry  s torage i s  r e s e t  a t  B 1  of each word. B i t s  
The delete commands fo r  the  t i m e  normalizer are 
The normalizer vern ier  word (w60) cons i s t s  of a fixed reference 
group ( r e f e r  t o  II&) made up of t he  even b i t s ,  and a var iab le  group made 
up of the  odd b i t s .  The var iab le  group i s  incremented by b inary  one f o r  
each memory scan j u s t  as the f irst  twelve b i t s  of t h e  f l a s h  t i m e  words 
are, while t h e  reference group i s  r e s to red  unchanged t o  t h e  memory. The 
addi t ion of binary one t o  t h e  f irst  b i t  i s  accomplished i n  the  manner 
previously described. A t  b i t  2 of W60, however, FF1 i s  reset w i t h  FF2 
being set, thus allowing toggle  f l i p - f l o p  FF3 t o  con t ro l  t h e  data flow. 
On even b i t s  FF3 i s  set and t h e  even b i t  data i s  r e s to red  unchanged t o  
t h e  memory by A 3  enabling A 6  via 0.1. On odd b i t s  FF3 i s  reset and t h e  
odd b i t  data i s  fed t o  the  X l i n e  of t h e  full adder by A l l  enabling A12.  
The adder i s  enabled only f o r  t h e  odd b i t s  of W60 by A l l  via 07. 
car ry  logic  l e v e l  one i s  generated during an odd b i t  and i f  t h e  next 
even b i t  i s  a one then delete command i s  generated v i a  A9  and 05. 
I f ' a  
A t  ~ 6 1 ~ 1  FF2 i s  reset and the  f l a sh  count word g a t e  i s  generated 
For t h e  durat ion of the  by the l i g h t  f lash  monitor and con t ro l  u n i t .  
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f lash count word ga te  the  m e m o r y  output i s  fed t o  t h e  fill adder X input  
via A7  and 04, while  f lash count data i s  supplied t o  t h e  Y input,  w i t h '  
t h e  adder enabled v i a  07. This causes the new f l a s h  count data t o  
be added t o  t h a t  a l ready accumulated. 
removed a t  ~ 6 2 ~ 1  and the data i n  words 62 through 65 i s  res tored  un- 
changed t o  the  memory. 
The f l a s h  count word ga te  i s  
The da ta  l i n e  from the  memory i s  connected t o  t h e  data encoder 
The data encoder takes these s igna ls  along wi th  t h e  output of FF4. 
and provides the  proper voltage leve ls  f o r  t h e  Rz encoded data. 
The f l a s h  d isab le  c i r c u i t ,  made up of A10 and FF9, i s  t r iggered 
by a car ry  log ic  l e v e l  one during WLB18. 
has caused a f lash sequence t o  be i n i t i a t e d .  
during the  post  load readout o f  an in j ec t ion .  
This can only occur when W1 
The disable i s  removed 
Upon r ece ip t  of a properly encoded load command from the  ground 
The in j ec t ion  sequence, s t a t i o n  an i n j e c t i o n  sequence i s  i n i t i a t e d .  
taking from three t o  four  minutes, cons is t s  of t h e  following: 
t o  fill preload readout 1, full preload readout 2, load, f u l l  post  load 
readout. The decoded load command sets FF5 s tor ing  1000 i n  t h e  mode SR, 
and denoting a preload 1 readout. 
Memory and Control Unit clock may be reset as described i n  IIIB. A t  
WlBl ( the  minute mark UT) the  SR s h i f t s  r i g h t  one b i t  and s to re s  0100 
denoting a preload 2 readout. 
next  minute mark thus s tor ing  0010 and going i n t o  t h e  load scan, where new 
memory data i s  in j ec t ed .  
decoder i s  fed t o  the  memory r e s to re  c i r c u i t  via Ah. 
of t h e  load scan the  SR aga in  s h i f t s ,  thus s tor ing  0001, denoting a 
post-load readout. The end of this one minute scan marks the conclusion 
of an i n j e c t i o n  sequence. Throughout t h i s  sequence the SR enables data 
transmission t o  the  ground by control l ing the s igna l  i n t o  one of the  TM 
p a r t i a l  
During t h e  preload 1 readout the 
The S R  again s h i f t s  r i g h t  one b i t  a t  the 
During the load scan the output of the data 
A t  the  completion 
. 
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subcarr ier  o s c i l l a t o r s  via 03. 
modulates t h e  subcar r ie r  o s c i l l a t o r  f o r  t h e  e n t i r e  load operation. 
The b ipolar  FZ encoded data s igna l  then 
D. Flash Control and Monitor (Figures 1-3 and 14)  
The flash cont ro l  and monitor i s  t h e  i n t e r f a c e  buf fer  between the  
Optical  Sequence Control ler  and the  Memory and Control Unit. 
when and which f l a sh  assemblies are t o  be flashed and accumulates t h e  
ac tua l  number of flashes t h a t  have taken place.  
It cont ro ls  
When the  first 12 b i t s  of a f l a s h  t i m e  word are a l l  log ic  l e v e l  one 
a carry logic  l e v e l  one i s  s tored  f o r  t h e  duration of t h a t  word and a 
f l a s h  sequence i s  i n i t l a t e d ,  provided three i n i t i a l  conditions are m e t .  
These are:  first,  t h a t  no f l a s h  sequence be i n  process; second, t h a t  
t he  f l a s h  i n h i b i t  c i r c u i t  has not  been t r iggered;  th i rd ,  t h a t  a preload 
1 readout not  be i n  progress.  
contents of memory b i t s  1.3, 14, 15 and 16 f o r  t h e  word i n i t i a t i n g  t h e  
sequence are s tored  as f lash tube complement data i n  t he  four  f l i p - f lop  
buffer r e g i s t e r  cons is t ing  of FFl-FF4. 
FF3 o r  FF4 causes i t s  assoc ia ted  buf fer  c i r c u i t  t o  generate  a +1OV 
(nominal) gate l eve l  t o  s e l e c t  a f lash tube assembly f o r  t h a t  sequence. 
B i t  17 of t h e  i n i t i a t i n g  word s e t s  FF5, the  seven f l a s h  gate,  if it i s  
a logic  l eve l  one, o r  FF6, the f i v e  f l a s h  gate ,  i f  it i s  a log ic  l eve l  
zero. 
t h e  buffer r e g i s t e r  u n t i l  t he  end of t h e  sequence, enables ga t e  A3 f o r  
sequence ga te  generation and ga te  A1 f o r  a seven f l a s h  sequence r e s e t  
o r  gate A2 f o r  a f i v e  flash sequence reset. A t  4.835 seconds (W61B3) 
before the  UT one minute mark, F F ~  i s  set  v i a  A3, thus  causing BY5 t o  
generate the  sequence ga te  s igna l  t o  allow the sequence c o n t r o l l e r  t o  
respond t o  t h e  1.5 pulse/minute clock. 'The f i r s t  15 pulse/minute clock 
occurring within t h e  sequence gate does not  t r i g g e r  t h e  f lash tubes.  
I f  a f lash sequence i s  i n i t i a t e d ,  t he  
A log ic  l e v e l  1 i n  FF1, FF2, 
Set t ing  of e i t h e r  FF5 o r  F F ~  i n h i b i t s  t h e  input  of new data i n t o  
A t  16 seconds a f t e r  t h e  UT minute mark ( ~ 1 8 ~ 8 )  f o r a f i v e  f l a s h  sequence 
o r  a t  24 seconds after the UT minutes mark (W27Bl) f o r  a seven f l a s h  
- 2 E  - 
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sequence F F ~ - F F ~  are reset v i a  01 and the  f l a s h  sequence i s  complete. 
To guard aga ins t  a hang-up state i n  t h e  f l a s h  con t ro l  f l i p - f l o p s  when 
power i s  f i rs t  turned on, during a memory i n j e c t i o n  sequence F F ~ - F F ~  
are r e s e t  by t h e  preload 1 g a t e  s igna l .  i 
It should be noted t h a t  two r e s t r i c t i o n s  a r e  placed on f l a s h  
t i m e  word usage. First, i f  two or  m c r e  l i g h t  f l a shes  are to occur 
spaced a t  t h e  minimum time i n t e r v a l  of one minute apa r t ,  t h e  f l a s h  t i m e  
words used f o r  t h e  second and subsequent l i g h t  f l a shes  must be between 
words 32 and 59 inc lus ive .  T h i s  i s  due t o  the  f a c t  t h a t  during word 
times 1 t o  31 of a f l a s h  sequence t h e  f l a s h  coritrol may be i n  use and 
i s  not ava i l ab le  f o r  read-in of new data on t h e  next f l a s h  sequence. 
Second, t h a t  word 1 must be used as t h e  last  f l a s h  sequence of t h e  
memory load. 
f u r t h e r  l i g h t  f l a shes  i s  inh ib i ted .  This i n h i b i t  s i g n a l  i s  generated 
by i n i t i a t i o n  of a f l a s h  sequence by word 1. Reloading of t he  memory 
After fill usage of the  i n j e c t e d  message i n i t i a t i o n  of 
removes t h e  l i g h t  f lash sequence i n h i b i t  s igna l .  .- 
Each t i m e  a f l a s h  tube o r  group of flash tubes i s  f lashed  a pulse 
i s  generated by f l a s h  sensors i n s t a l l e d  near t h e  tubes. This pulse 
i s  used t o  increment t he  four -b i t  binary accumulator cons is t ing  of 
FFg-12. 
and added t o  t h e  d a t a  already i n  word 61. 
data i n  the  memory i s  updated t o  account f o r  l i g h t  f l a shes  during t h a t  
scan. Although t h e  longest sequence i n i t i a t e d  per  scan i s  seven f lashes ,  
a four b i t  accumulator i s  used t o  provide s u f f i c i e n t  counting capacity 
t o  monitor l i g h t  f l a shes  i n  t h e  case of malf’unction. 
During word 61, t h e  da ta  i n  the  accumulator i s  s h i f t e d  out 
Thus during each scan t h e  
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